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ffimm&mw. in a o ai _ a N <o^ a <i) ^/ux^^^mm^n^mmx 
fey, mm&m-ki^ 

Aiz&timKDmitys^m&mt. mm 1 ©an:****** ti&sws* 
w<pMg-mmm±i^ mmpm&mwkmv P^mmmm* vemrnvvm^n 

fc W fit H * & Sffc#f*^ft*^ 0 

[**32] «f»pSfi«KK-^»««Al s Ga 1 _ s N (0<s<0. 5 
) fc^A/e&U. a&KpS««fl!K-^JifflAlj|ljajfc*<, tfTGpSMIIJf 

WflMSttMtf. In a Ga H N (0=ga<l) &*A,T****S*-?-#J5f*ait"l? 

Ai b G ai _ b N (o^bs i ) &*^T&vp97»t4b&-£;rr«pa4LHRM 

Kp.ffl#-BMIJ:K, lfrGpa*HKM®P&7tt«rillKJ:»K ttfUTCpSS* 
pffltt«KK-:7JIfc, 

^ p s(g«s f- 7m±iz. m& p w-njf&tf p m&mm k - p 



1 
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[»#^4] mmvm^mV—^Mi^A 1 S G a 1-s N (0<s<0. 5 

©a liKfigJt.}: U/hSv^r S»*^3 icia*©^^^*^ 

i ~ 4 izmm^mtm^mium^ 

m&m 6 ] fuSE p p S?tt4MM£#. 5 x l o 17 ~ 1 x l 

0 2 V c m 3 T*5I i: "TSU^ 1 , 2X1^ 5 ©V^-TtuWCfiB^©^ 

[if #51 7 ) fulB p g#HKJi© p S7lK4lfiRJK^. 5 x l o 17 ~ l x l 

[ft 8 ] t58H p §?<sigg k- ^m© p m^mmmmtf. ixio 19 / 

[ff#«9] BufBpMn>#* hM©pM*S*48jiiS#. 1 x l 0 18 ~ 5 
x l 0 21 /cm 3 T-$)S^h?:#^i:-rs«#^l~8©v>-rti^lcfS*©S'fb 

[Wail] tWB«E_kKJHK. 7>K-^GaNlftIfnS^S 

ft*****?. 
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m*jhi 2] ttrianM^i#MiKM^. ffFfl3ng?n>#* bm±izmm 

StlTfcU, 35(CtfffBT> K-^GaNE nln^^^M, &tfn^fSl# 
[0 0 0 1] 

[gSLhGD=PJM#3?] 
^HSUBfciU »3fe*-r*-K (LED) , l/— !f*V*- K (LD) , 

, osx, o sy, x+Yg i ) m+izm-t&o 

[0 0 0 2] 

StlT^-S. ^*l"o©LE DjSt^-fctS^lftlC, U-7 7-fTi«±(CGaNJ:y& 
*^»77lfc. Si K-^GaNJ:yftSn||3>ifi'Mt, 
«ii (SQW : Single-Quantum- Well) ffllnGaN, J&SWil nGaNSf 
-rS#M*^-#^«jt (MQW : Multi-Quantum-Well) ©fg-ffiJti:. M g K — 
AlGaN«):»J-6;5pIi'7'V KJIfc, Mg K-^G a N <fc U p fljn y 9 9 

nmfflfliLEDTJSniW, ^Si^^Q. 1%, 5 2Onm0||iLEDt' 
3mW, *ftJt?4MB6. 3%t#S{Cffi*lfe#14S:^-ro 

3: fcM^tf, #S*^#F«lig©?Sffi®«:ffiv^feLED^i:bT. *JB§¥ 1 
0- 1 3 5 5 1 SS^a&^&tflfi^g 5: < 

atT^ K-^®GaN^^45/1'Jrl. T> K-^CDI n G a N^e>&£# 
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[0 0 0 3] 

b «t "5 -t * mm] 

2*vfes^e>si';ffl-r^ ifeisstcj&ra-rsigs^ ^b-r-sfeBUS*^^.^ 

[0 0 0 4] 

Hfl:*******^ ?:^-r S r i: T* & £ . 
[0 0 0 5] 

W -6, TIB (1) ~ (12) <DffimiZ£Vtt&m<Dg&>Zmf&,-?Z> 

WIB?gft«*^ InjGa^N (0Sa<l) &^T-fc-5#M^-#;R«jgT- 

ai Sr-g-tf^i©^fb^^®t, mm i <Dmtvs*m#m nsktezmmzm 

4 fflE#2 0 0 0 - 3 0 2 6 9 2 9 



11 — 113050 



« Sr-g-^-tS pMffiigg F-^Sil, 

^ p mi&mm k - :/«±*c, wsa p m#s KM&tf P mi&mm f - ^® © p 

(2) mBpafifiK K-^f #A 1 S G a (0<s<0. 5) 

©a HBjftifcAy/hav^tftwat-rs (i). tcetto&'ffitt^vttx?-. 

tttBtSttMtf, In,Ga H N (0Sa<l) &^T?Jfc«#Mfr?-#jS«iiT* 

Al b G ai _ b N (0gb=Sl) &^t4'J pS^i»»mt5pa*-II 
fftp3!#-itJ»J:K:, ffif!p£JitHKJI®p2?tt4Mli£J: V, teiiST'P 

p s<sjg« k- ^«_htc itfiB P M#-KMJtt5 p mi&mm f- p 

(4) ffiffip SffilS K-^I#A 1 ,G a (0<s<0. 5) 
/u"??fc»J, S6lCpS!fi««K-:7*©Al*iJ*ifc#, #HBpS!*HR*©A 1 

(5) *nBpffl«W*K-:/M*©p3!*IM&#, fuiBpM#JSBI«i:M 

) ~ (4) (cfattos^^WM^. 

(6) t»Gp2#AK*®p&7tt*8ff#. 5 x l o 17 ~i x l o 21 / 
cm 3 T-$5^t?:#»tt5 (1) , (2) R.Xf (5) ©V^*1*MCIE*©^ 
ft*****?-. 

(7) i»Bp5¥Hyt«®p3!*tttt&X#. 5xio 17 ~ixio 21 / 
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cm 3 f*5I -S (3) ~ (5) m^*xj!MCfE*©^fc%¥^#: 

(8) mmpMi&mmF-'7m<DpM*itfo<tom&tf. ixio 19 /cm 3 

*i8T*&£r (l) ~ (7) ©^-rti*>ic|B«©^fb^##* 

(9) KfiapM3>4f ^ HM©pS^#»iS^, ixio 18 ~5xio 

2l / cm 3 X-&Z>Z.il %18ffi.il-? & (1) ~ (8) ammfrlCfBltCDafc&P 

(10) «Bna««»f*#Il:LT, T>K-^©aifc«4 i l»flc*& 

> K-^©^b^/4 £ ^*^*-&-hM©^*< t%3SA^)Rtc«M$ti-T*S n 

mmi&mmmzG-r&z-tz&mt-tz <n ~ o) tcfla4B<z>»fi;tt¥*tt 

(11) ttBBn^l#-«]KS©S«fl!IiC, S«IC|rI^oT)1R{C, ni^F 

■t-s do) izmmamitvu^mfrm?: 

(12) ttflHT> F-^G a NE nS3><l * h®, &tfng?ai 1 #J1 
KJf©-£ft<Z>K^#. 2 — 2 0 fimX-&S,Z.H^mHir^> (11) fC|B«©g 

[0 0 0 6] 

pffisst. ) p g^ttfeos&tf-eti-etu tfaiftF-^opaui (pi 

K-^fflpf3>^i' h«SrJH(CfigSS*T, ^«Jg©pfi!l{C^0 3a©M 
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tf^s f - ^cd p gpii-BiJi 3 n m& a ax ft V ^ . 

[0 0 0 7] 

XtC, pS<B?ilgF-^'M^Al s Ga 1 _ s N (0<s<0. 5) &-£A,T'fty 
, ae>Cpfflfi«*F-yjf©AUBjaifc««, p£MJRJf0>¥*£0>Al|BAJfc 
. XttpM#H&Jf©AiMj*it<fc»;/h;*^i:, p afiSlS K-yjiallU**!* 

jgg F—7M<Dmmzm< -rs r tat^ne*: as §etxaT*©i*iB©jfi»# 
nrig t ft «ea>xsa>n*ft;tf nm t ft 5 . 

[0 0 0 8] 

MBpS!*** K* ( p S^filXtt pS#-II) fc. buSBp3?3> 
hMi:^e>ffi;tSc{c<fcy^*a^fefe©T'*-Si:, p5ffi8ffF-:/Jf©pSr 

^M«iss*v 5 x i o 17 ~i x i o^/cm^fest, mm-tz pshhrk 

ffKfc#toLTVt«&«©¥J&©MfcaV*-. 

*^tc^v>T, vMi&mmF-^mcDpm^mysmmtf. 1x1 

SfeKtc, ^HHSlcfcvT. pI3>^^M©pI^1«i1S^ ixio 
18 ~5 X 1 0 21 /cm 3 T-Ji5i, pS?5«; FMAOtpSffiXft K-^»©« 
«*»J%>lKn**i:i5fcy, ja-3pS*9yKJI, pffilSK-m &tfpM 
n>** h^©#MraT-©pM^*g^©tiS©||^5:_hfB©«ke){c#^T*^> 18 

[0 0 0 9] 

±Bpa?5!»Kf, vMi&mm f-^s> stfpanv^^ hi©*pa^ 
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&&m9i a tim& s ft z> %<d t? & & » 

[0 0 10] 

*^4sm n mwMsw k - ^ a nr v » * e> & s * is 

3JBi#JIKM®-&tf-a>IRJP#, 2~2 0*inu ^l<[i3~io#m < i'j 

b<{*4~9 AmffeSt, #«B£ES:J:»;i«9±a*6r t#TfSi3F* Uv* 

. _hiB3Ji<Z>^?f-©BIJPtiu 3 JItf>-£ff©JBIJ^ 

#_LSBI6B 4: 5 «fc "5 {C flUMISE S ft 6 . 
[0011] 

r t tc j: »j , m^tm±iRxfmnm&(D^i±i: ± »j ifli±a r t # 

[0 0 12] 
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[0 0 13] 

7c* (MA«2 7c^^, j f>3^^,©^©aiS) . jtm&it. 

*Wi£©jl&«illJ&<z>Jlttftf£ bTtt, ^$©«fc 3 tcA> K^»^i*A* 
- <D m. & % © tf •=> *i -S „ 

[0 0 14] 

MAlir.7j>C-f ^">S*^*f (S IMS ; Secondary Ion Mass Spectro 
metry) tfgfctf 6>*l*. 
[0 0 15] 

[0 0 16] 

BIB, S*l±tC A-?77l2, 7>K-^GaNl3, n M*H®> * 
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itm^m-fomz. yfc£nW£i2#jgigi«6, #sjfr?#jMHs©«ttjf 7 . P s 

SK K - -7© p SiSSS K— :/« 9 , p &ttK4fe & K - ^© p S3 > * «r 

3SfCnM^>^^ M4±i:nSii 2, pSh^^^Mi o_Lic P S*g l 
[0 0 17] 

■5iJ-7r>fT, -e-fflftft, Xfcf*;b (MgAl 2 0 4 ) ©J:^fcffilistt©IS*©fl&, 
SiC (6H. 4H, 3C£^tf) . Si, ZnO, G a A s , GaN^©fl 

[0 0 18] 

#?glJ!{C;i3V»T, A»y77i2tbttt, Ga d Al H N (fiLdttO<dg 
l©BItfe5„ ) &&&«8fttt4M*tt'efc»J. ff*L<ttAl(Dl^8 
^ffl«Sif^ftffi©55cS*^*i:*y. i»Jjf4L<ttGaN#648/W77 

rty77f2fflg)?H;, 0. 0 0 2~0. 5 n L < & 0 . 0 0 5~0 

. 2(im, XtC*J*L<te0. 0 1~0. 0 2 mCDlgHtC^SE-rs. Av?y 
m 2 ©WPAitJ:flB«BBTf »* fc, Sfl:****©**^ 7 * n 5?- tfjilff ft U 

A'y7 7l2 0!)MSStt. 2 0 0~9 0 0t;-e*'J, *f£ V < 1*4 0 0 ~ 8 
0 0-C<z>|6BK:mr*-«. rtAW#±G«BHT&« A£ - 

[0 0 19] 



tf}fE# 2000-3026929 



#5p 11 — 113050 



&£1k2>ilTy K-^G a NM3©^ffi*^ifi:&»J, T> F-^G aNl3 
N«3 0l^i:bTtt, 0. 0 1 n mEJLhT&y, $J£ b< ttO. 5 n mSk±.X* 

[0 0 2 0] 

S3X10 18 / c m 3 J£A-h, ffSb<«5X10 18 / c TD 3 &>±.V>mm.X'£m? & 

v f R&wm feSTs-tsit^t-ts. ^^#»ss^Jtia«gH silt -s t v 

S*M>S^Seftf£©^*T> K-^"GaNS3Jh{c^^nsi:, Wv>aST* 
h«4©nM*M©iga^J:l&^tcra£L&v^, h/f i: 

[0 0 2 1] 

nS3>^> M4 ©SBj&fcfc, I n e A l f G ai _ e _ f N (Oge, O^f. e 

+ fsi) t?«$;t*£, ^wfflj&tt^tcim^©-^;!:^^ $?£L<tt:GaN 
^t^ST-fescD-eif * b<«o. i — 20/ttm, iy*f*b<iii~i o m 

£#£LV^ StCng?3>#* h®4©B|JP#-tfB*SB-e&.5i:, y^^-^-o 
a NI3 t nffiHSg 1 #11^1 5 £©K^fcl8SL#®Wm&frJ:£*5j£T-#S 
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[0 0 2 2] 

®5 a> ng^|tftK-^fflWl5b, 7>^-y<»J:l5cffl'>i<i:t3 
®A^«^$*lTVtS. nMmi#®MS{CttJ:|BTS5 a~±!5 cJS^OD* 

'tie>TM5 a~_fcjf 5 c&«^-S^ffc4^i#:tbTM:, I n g Al h Ga 

!_g_h N (o^g< i. o^h< i) x*m2ftzm«<DMi&<Dm{ty9¥mftzm 

[0 0 2 3] 

nflU^l^SK® 5©^{i, 4*KRjfeStUfeV*#, 1 7 5~1 2 0 0 03l-> 

tfx hn-At-fetj, *f£L<tti ooo~iooo Qity>f7. hn-Ai?*»j 

, <t 1 JjfiK(i2 0 0 0~ 6 0 0 O^l'yxhn-At'feS. SH#SffiUi5 
JglC, nfl(^l#«IKM5©^^-hiB«SHT'feSi:, T>K-^GaN«3 
_hiB«gH©K^?:*^-&^l#®I^M5CDKJ¥©IS«tt, Ti5a, 

[0 0 2 4] 

nffiHfgl#JI]8IJi5$:«|j&^-STJB5 a, tf ISJf 5 bTkV±M5 c©=S-ISJPtt 
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#tt©j5l$?fc|gB©|&JP£M£U H(cnflafli#«BIS 5 

n mm 1 #Jiffi£S 5 tt, «- * #«if JEE C iftgsi^ £ 2 wtgil? =b & 
#M5:M*-&*J-1i:Tnffl!l^l#SMM5 £:T£ii:fC<fc IK ^LT8 

[0 0 2 5] 

Ty K-:/ CD Til 5 aWffll^fciU 100 — 1000 0t>^hD-i., *f * 
L<(i5 0 0~80 0 0*1/ if 7. hn-A, J:>;fil<lil 000~5000 

£#«Wffi#_h#bT^<j{>\ 1000 o*>^ hn-Atfjet-v f *^Jh# 

— ^mm^m< ltik^ vf sm£ti/tv*<#, #®wffi©<£T^^ 

[0 0 2 6] 

ng^iltfe K — ^©ffra® 5 b©^tt, 5 0—1 0 0 0t>^hn-A, 
*fiL<l±l 0 0~5 0 0t>^hD-A, iUJf* L<141 50~400t 
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[0 0 2 7] 

yy F-zf(D±M5 commit. 2 5~i ooo^>^hD-i., ffiK 

S2 5-5 0 0*>ifX hn-A. £V1fr3.l,<tt2 5~15 Ot|->^ hO- 

_L«5 c©ffi|*#l 0 0 0t>nbD-AS:I^5i:Vf #Jb#LiHI 
[0 0 2 8] 

&.±<?)£olZ. TI5a~±l5c©#If(l JhffitC^ bfc J: -5 

■£ r i: iz <fc »; , Bu^<©*56^® p «Cjgjjta p ^F£&#itgS<& Hfc 
f l #111 5 ©#I©If ©i*^t) t(i. #$8t8©p3?*»&i$gK 

o$kr*2>zm<DmiL<Dm&*?. mytm&<?>mmiz£z>m&ma>mf&(nmt j $>. « 

[0 0 2 9] 

±fBJg 1 #Jf BIS 5 Si^tS^IfflMtt, I n g A l h G ai _ g _ h N (OS 
«<1, 0 S h< 1 ) T*S*l**ilJ*T*»*ltfJ:<. #Jf«DilBjAtfH— *e%J*& 
oTV»T*J:<, #* b<ttl n&tfA10>ttetf/h3VMraT&»J, <fc'j8F* 
b < ttftAttfttf V f ffiT<Z>j&* 6 G a N * fett A 1 h G a j_ h N, £ & ICftF& L 
<tiGaN^e,^:S®T*S>-&„ n«l#flf5^ A^Ga^NT**! 
A lMJ*Jt*MN3V%*^SffiS.t;Vf ©T©J^Ti?*U<, Ogh<l«) 
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[0 0 3 0] 

±IB^l#®KM5©nM^I«6^K-y©tt>raS5 bCnS^CD 
li, (®izmfetstite^t)\ 3 X 1 0 18 / c m 3 «_h, ffiL<»5Xl0 18 /c 

v*. ^l#SKS5<DffraM<Z)>PM#)t§^^±fa«gHT*)-5i:, «3tm±©imji 
nl^tltitSi, Ge, Se, S, 0^©^»S»*^IVB^ SgVIB 
[0 0 3 1] 

[0 0 3 2] 

JtfBnMIS 1 5 iCggAT, In g Al h Ga H . h N (0Sg< 

l. ogh<i). #3: b<tti nRzfA l ©lB-&*/ha V^M*. «fc»J»*b< 
fcmHrte&tf V f (BTOj&fr G a N £ fc« A 1 h G a ^N, $ {C#* b < 
G a N*>fe*S#-T> K-:7Jg&J6M£LTfc<fcV>„ T> F-^*#A l h 
Ga B NT-*5i^ A 1 jfi^ifcAMN^ ^^^Mftffi^V f fl£T©J&T-#£ 
L<, 0gh< l©^HT'iil[^SEatl,S„ ZKD«fce»fC#^T> K-^IS:« 
"TSil, n^l#-SlKS5$:^bfe«-&(CJt^T J f>^#«l&ffi^<ST-r€.ffl 

tc. iooo~3 0 00^->^ha-AtfffibK 

[0 0 3 3] 

?fctc, #JMHci3HT, nffig2£tjgltjg6tt, I n fe^tJ* 3 

<DA{£to¥mi*M<Dto<D'j>&<t. ! h—i3<x>mmij i * #*i<<ttP?3ra>iMw. 1 
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[0 0 3 4] 

i3Xti«4fflSft!|f##ffii!>i5:< £: *>-;£©lg^#, 100^>nhD 
-tfc«®-rs!i§3 ©gft4&i¥#<fcS> mh < «Sfl4 ©gfl;i&¥##JI©MilH4# 
[0 0 3 5] 

ifc. 3fS3&t?SI4©^ffcife¥#tt©IBI^#. *i:ioot>^hn-AH 

[0 0 3 6] 

[0 0 3 7] 

Sg3 0)fifl:«¥«ffMt fciiS£4 ©gft$j¥3S#Ji©ft©'J>&< £%j-#©BIJP 
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MX-li, i3 0Mi^l?:InGaNi:U f4 ©&fbtt¥#ftM fc G 

aN£bfc©-£\ GaNli:GaNli:©K0InGaNl©IIS:, MttSfC 

**. 

[0 0 3 8] 

«3. £fett«4©£ft4fe¥ttttJ|©A©4>&< #fflIIH)OT* 

* a§ 3 ©&«;«¥#&;■ * 4 <Dmitm*m<bm © h— i 1 iihtcii© «a h 

±-e2Lv*K:J(&S. rffiSvncMfcSfctt* &3©ttffi<fc¥*ttA££tt&4© 

<** (i53©sifi:4b¥mji) ©iiitt7cX©iBjftJt£*ti&ttA/;£&3©ttff; 

(fl54©gft<fe¥*ttJf) ©IIItt7GlK©ttJAJt£tf:£v*K:Jt&«:i 
[0 0 3 9] 

Mid H— Iliai7c*©Jia«H±T?Sv^K:*fte>*fti:, *S3©Bft4M*» 

ftl&InGaNtU 1 4 fflMtf fftl ?: G a N h L fei^, GaN®£ 
GaNJB£©fS©I nGaNSCDI nfflja&tSteJilCgH£-*StCtEoT«fc&fC# 

1 7 fttiE^S 2000-3026929 
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[0 0 4 0] 

JtfB©n$J3l2#MBIJS6H:. «ittf. 0 1 IC^i" J: e> fSttw 7 s^/uT- 
2jg£Lh. if*b<a3M«Jh. 3e>lc#£U<tt^;fi^;Jx^fc<£%2MJ&Lh 
mm L^ff-T? 4 Jfjg* JittM-T s z: £ b v*. 
[0 0 4 l ] 

4 CO^b^^SV^-ftlT? % & < , n«I2 6 <Z>MJBJ»tttf CNO 

tODT'ttfc^., 01 7?H:n<R![3l2#®IgJ§6#, tSttM 7 tCg^LT 

[0 0 4 2] 

M3 (D^t^s^m^mit i n z<£tim<ty>)¥m&. «l<ij3 i n 

jjGa^N (0<k<l) £U 3 e>fC»* b< tik'ffl^O. 5J£AT©In k G 
a l-k N - U<ttk«#0. 2jetT®In k Ga H Ntf5. — ^ 

tfJ§K> #lc|g£Lfcv^ i^Sffi©Sv^»4©^b^^S:^ftS-SSfcto 
fCtt, 13 Ogftt^iftJ: y F=¥ J V"V'7 p x^;i/^-*^g^25t;ffiSfe 
5^tt3 5cSl©I n B Gaj. B N (0^m<l, m<k) fcJ&SSIt, $J*L< 
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k G ai _ k N (0<k<l) £U mAOmtm^mik*. I n m G a^N (Ogm 
<1, m<k) , »^h<ltG aNil-tSffi*-a-*)-&^#tf ?>tlS 0 3S{C#3: L 
V^*^t)iti: bttt ^3©^-ft;#ifs##:SCDk'fB* ? 0. 5J5*T©In k G ai 
_ k N-efe»;, ^4©gfb^#^M* t G aN^CiDJBI^fc^r-efeS., 
[0 0 4 3] 

*#F-:7S;riTV*T%u Sfc^-rtl^-#{C7pM^)A^ F-7 $ 
ft;4b¥*ttJfti> n SCTtfittSKIi Jl& o T ^ T %>a W. 
[0 0 4 4] 

&fenf^«||fcl>TH Si. Ge, S n, S^CDIV^. VIf^5r*Sr»* b 

n!?M«fi F-^-TS^, 5 X 1 0 21 /cm 3 J«T> #* b< 

ttlXl O 20 /cm 3 J^TlCMSft-S o 5X1 0 21 /cm 3 J; lj %>£-v\£fift;4fMMFtt 

t0 0 4 5] 

*f*b<{±. In a Ga H N (0^a<l) T**J*S*U nS. p 
& *l»3fe»*©¥«M#i* < ft U ff *'L n. ?S«S 7 IC nI^*6M 

7> F-^Otffl^Jt^T/^ KNaft3M^€^ IS 
ttM7tCpS5pM^S: F-^-TS^A> KIBI9&3fea>fcr-?MJ: y fcilSjO. 5 e 



ffiIE$# 2000-3026929 



fS¥ 11 — 113050 



pfflF-^>hft F-^.bfc?Sf4S5:^f£-f ?SffiS<0#«^tt S i ^© 

nSK-^hfcti K-^LT^$:nSfrsri:7t)W* bv^ ^f£©J;v^ 

[0 0 4 6] 

fc»*b<i*5 o^->^xha-Aj«Ticw^-ts„ #j3m<?>mma>±m&. # 

. #75JfjbU o o;*:^;*. hn-Ai: y fc^i;, ffi;£r#|fi!Jtb{c < v^raic:* 

[0 0 4 7] 

*^9ltcfev>T> p3?*57y KJi8li, tfflHbfe<fce>tCpM©SSK-^S9 
iipSn^** Ml 0 iLWfSHDmg. (fSSK-^) i:6S<fc ic, pI^ 
£ b T * S li#-IST'fll^ 3 *l S . 

*-f. pS^7»; K»8A^MM«ig (Ste^#S3i) T-&SI§-& ( P ^#»|g 
Jf) fco^TJWTlciiratSo JWT^HilK^&fcSpl?*:?^ K«£#®BSp3? 



tttffi# 2000-3026929 



11 — 113050 



wm 2 *i. $ e> tc^ i os-ft^^M^t?^ 2 <Dmit®¥m&me>'p& 
i ©SMMMHtwwii:. #i i ©efti&^ftjf * »; K^f ^ * ^^n* 

l ©SHfcflMMMWfftMl* 2 ©Sffi4fe¥MftM©4>& < i: =fo-#lc p S7M«I# 

a *i, rn6«i ©g*fc «¥9#m urn 2 omtm^mftm ^ © p m*vtm 

[0 0 4 8] 

#siBt ps?7»; km s (D&mmzmm-t&m 1 , *$ 2 (DSftft¥9tti®i 

t. at)if*b<tti o~4 o-*^fx hu-i*ommizMmzti. t 

¥^#«£?&2©gffc4li¥^ffcSi:©BIJlEtt, # 
MR«Si©«-ISM^±ia«HTf** Mfcft¥»#©*tt«ffKM«Ti:*! U 
, MKT'jafia^sW^CjtMEbTttfteroAv^fl:***;****^*, 
ttfl:*¥«#M©tS Att«K <fc -5 ©T% p a*»G« fcSfti b fcttefc * * U T 

Mitaic&s. r ©«t e» &rm© 2 «»©«& 1 ^7 h LT&mmmm lt#ii 

*fc. ^*©*?:fifi*©S«fe'J 1 ®#-<«M UT=b «fc <. 09;ttf 
, MirogMMHMWffr&ttMU *i ©Bfcfc^SttMTtttooT* *v*. 
fit, #IIpSf9y KM8©ilRM©flSEU:. r ©31 1 2 ©gfl; 

w^m&mn&mm zmm v mm mm. £ mm? sz.uk.* vif*>. &mm p m 9 
5 >y km 8 <r>iMkw-\%. mzm&zntt^tf, 2 0 0 o^->n hn-^jwr. 

-AJKTTf* 1 ;, *BWtf£©46B7fc«£ftftffi:fttfff<. VfiWSTbff* 



ffiE# 2000-3026929 



#3* 11-113050 

n G ai _ n N (o<n^i) l<, mzay&itm^mm* 

L<ttA l p Gaj_ p N (0 ^ p< 1 , n>p) , In r Gaj. r N (Ogrg 
1) ©J:p*25ca^ 3 7tMiliWgft%¥#tt£^*3*5:ifctfM£ LV^ 

«iz&© P K~:7"Ji 9 #A l s G ai _ s N (0<s<0. 5) «k »J 
*J t§1^. pS^7>yKIfflAl ffi^Jttt, p SffitgS F-^f9fl)Al« 

V f jVfiT-T 

[0 0 4 9] 

pS^IMWME/l 1 ***!^ — #©M©*»Mt««fc*<, =fcie>-;£©Ji©* 
*MMME «:«<"*-*. '©*§£\ A> K^y^ai*/i/^-©*as*»i ©aft 

&£2©£ffi*4MVfM^p£*tfi4iriI&&ti<. #* L<tiT> K-^ii-f-S 

si««e, vf (m*t^«jEt) ««fiTs««ri:«(-?se. *fc-e©®T- 

J8ft&/.b3< LT. A> K^-W^'x*;i/^-©/h3«:^2©^'ffc^#<ifcM0!) 
3©<fc e> (c pS^^lilSOM^S^ 1 ©gft#(^#:St^2©^-ffc!f||it i # 



ffiH# 2000-3026929 



iff 5p 11 — 113050 



{£}§£ 3f ^ U 7^©;«v>M£1£i»«©«v*S£ £l*3BHc#JiBI 

p^?'; KJVC:&&31£« JtSE© <fc -McB8ffi«ffi^ V f ^£{6T 

r i: tfTr^S fc© Il^X *>tiZ>. 
[0 0 5 0] 

P§S*M4&iiK©il&£f©itr©#l l ®g<ff;4b¥*ttJI<Z> pgft?t<fba>8fftt, 

<pl3>i!j'Mi 0£y{B<fcSi3U:gt^£*i;fe|lT-&*U;mtc^;**i 

<tt5X10 17 / c m 3 ~ 1X10 2 V cm 3 . i'J»SL<tt5Xl 0 18 / c m 
3 ~ 5 X 1 0 20 / c m 3 <JD^Ht?^SE-r 5. 

i i ©Utif tftlffl p 5 x i o 17 /cm 3 «±-efe5i:, 

[0 0 5 1] 

— % l ©effc^¥^tt«i:fg2©gffc®¥#ifr«© pa^HMfJtft* 
f§£-©&2 <z>gfttt¥*ftJf<Z> pa!**t4Hi*£ LTtt, fgl ©gffc#f#^#:S 
pSf99 KJf£ft£LTp3M&&ftK-:7Jf9 t pM3>#* 

mio £.<D^m®mm<D&ffl<Dmm*m?&vKm&z-&2> z.t.&ft& t^. 
iff* b < (i_hia^ i <7>mt<m*mftm<D i>M*ffi®mm<D 1/10 j«t#s 

IKSpS^MWJ. « 2 <Z>£fttt¥* ttJ*Z>*M iMtSS^ I*. 
ffiftbT<Spa7ft<Ma>SBl X 1 0 20 /cm 3 J£AT#S3:L^„ 

[0 0 5 2] 



tf5IE4# 2000-3026929 



i^sp 11 — 113050 
It, pM©jgSK-^"«9 £ pM=12s*9 Ml 0<DpM^M^iiSK:*fbT, 

$u$2 ©g-ft^?g#s© p &*m®>Mmtfm& zm&vm i ©g-fb^¥# 

fclfll h3l2©gft^^#St©ilS#H-,fcfc&.J:e>K: K-^-TSi:, _hIB 
©iiS* t M'S:S«-&{cJt^T, J f> J ^^ffiffi©^-5«lRl^&S3&^ ^P-vUTigS© 

s^pa?77 Ki86»rtii<ftij, ffi#psj±©,&T*#£ l^. 

[0 0 5 3 ] 

-kfHpM#9y KJflC K-^$tl,SpM^Mifet;bTl±, Mg, Zn, Ca, 
B e^(DJ%m»ik%iUAm. IIB^TC^&S^b, JfiKttMg, Ca^fcp 

[0 0 5 4] 

3ik_Lfa©tf>iSfl£K-y©#Ui)SIP§?*^y KM^^-rsgS^LT^S^fl: 
[0 0 5 5] 

(Ogb^l) i A^&«:«Mlcov\TJg(Ttc8t9!-r«. KT#- 

*»«Ki3V*T. #HRpffl*5y FJf 8 tt, -LfBfflflK A 1 b G a j_ b N (0 

gbsi) &*)t£2>mtm¥mfo-z-&>z>. ife«ii©pafiiKF-^i9«t, 

AljGa^N (0<s<0. 5) £»j&»J«£. #-ipIi'7>y KI80A 

i jBAJttt, p m&mm k- ^jp 9 © a 1 y w< * e» fcp^E^ti-s. 



fflU# 2000-3026929 



11 — 113050 



[0 0 5 6] 

#-lpaf7->KI8 0lftt, #lCfS5££*tfcV^ «F*L<ti2 0 0 0 

*yyythu-i*MT. <fc'j#£L<W:i o o o^^yxhn-Wtfe'J. 
se>tc« : iu<«5 o o~i o o^->^x'hn-AT**s. K^#±iE$SH-e& 

[0 0 5 7] 

FS«g^-i:I^«l(c4»?SSK-^'i:*-5 Zoic, $f£L<te5x i o 17 /cm 3 
~ 1 X 1 0 2 V cm 3 , «fc *J L < tt 5 X 1 0 18 / c m 3 ~ 5X 1 0 20 / c m 3 

[0 0 5 8] 

9tLTtt, ^iC&JgStlfcV^ In r Al s Gaj. r . s N (Ogr<l, 0^ 
s<l, r + s<l) &6&«2ft4lrtMIM*#¥tf&*U »*L<tt3 5cil^ 
2 teII© I n r G a ^NXliA 1 S G a ^NClftfe^ift, J:'J*Ji;L<« 
^SttCD^f* G a N J: >J XtiAlgGa^N (0<s<0 

. 5) &-=> a im&&i*Mvm&mmm<D¥-i%<D a lmmitxitpm 
m-mma a imm.it ( P sf 9v *mzv>Aimmi&) j:»j/hsv*»ffc«¥». 

ft£¥tf&:i£:#1*£S. Al g Ga H Nffl!®t#. 0<s<0. 5<Z)«gHT' 
jR#l*fttJEE (Vf) ©_t#S:«J;S., ffi#&tf»SifBt*#.£> 

±12© <fc die P K-^l9«iGaNT**J:J:y £rBtttf&& ft V 

. Affft»«WBEft#*^T«F*U^. *fepItt«IK-^I#Al s Ga H 

N (0<s<0. 5) J:tJ4»Jfit)AlifigMpSi'77Kl8©AlMifc 

2 5 ffifE# 2000-3026929 



11-113050 

[0 0 5 9] 

UlilOO~1 00 0 0^->y>t Fa-A, <fc »J*F£ L<tt5 0 0~80O0 

hn-A, a Z>iz&$. b< li iooo~40o oitytr* h n-A-z?& 

pM<SiS^K-^M9^A 1 S G aj_ s N (0<s<0. 5) iUfcUja 

o a i iu&jttf pi^77KI8©ai M^it <fc /h $ na-ft &z>m 

0 0 — 5 0 0 O^ryifT. ha -A, i L< J±3 0 0 — 3 0 0 o^->^x F 

[0 0 6 0] 

*&m\z&wT. p§SffiigS F-:/«9 ©pS*iisfi«g,Ktt> J:K b «fc e> (c 
pii'^y FS8&tFpSn;y#? Ml 0© P a^^itgSJ; »J e» 

jcn e£*i-c ^tu*.*: v^o p mt&mm f- •7 r ® 9 © p M^*B^a^©^{i 

. RiftJfa>pS!??y F«8.&tf pS=i:>#? Ml Ofr&ifcfftSftSpg!?*! 

a 4x p s*m#»c <fc y p mi& mm k-^S9©p s^Mfeigs #m swi: 

, -hlBLfcJ:e>tcpM^9y KS8, pfi««« K-^*9, &tfp^n>*? 
hJii 0t©3JiWi?(Z>pS!!^«««IK©M«^ «MR*F-:7, fi«2*K— 7 

ftF-:/M9®p£7ttMffa>llgtt, p$IIS F-7JS 9 CDiftJtoiRic* 
[0 0 6 1] 

*I6W© p SteiiS F- 9 © p S7»ttt<DSg<Z>miEtf-h£0> «fc e> tcg8& 



fl}fE4# 2000-3026929 



11 — 113050 



F-:/®9WT-H2tC^?-<fc-5tC^fi&bT^.&. £ fc, pSiBig,g F-^® 9 <Z> 
•5 2 £. HHilC pS95'y F® JC jgg Lt^5 gU^fr £ & * {Cg^A^ 

pSfiIIK-^l9^r> F-^£bTj&R;*1±Slg£-£WcUT, p» 

mm f- y® 9 ft© p m*m®mm<D^<t<z>m*<D®;ii&zM 2 *»v*T«iirr* 

. @2tt, «gE«ltcp^^©^S> «$«IICp§?h>#* Ml 0. vMi&mm 

«/£-r£®©^ft©«H- mmo&zmz&mmMi o&mmamMmtemm* 

[0 0 6 2] 

02tC5ti-«fc5lC, F®8GDMgigR, pSfiSgSF-^M9©M 

tt. pl^5v F® 8 lC&jSLTV£g|S?}-efcfc, i£i£pS*9«y F® 8®MgI 

U WHaF-^OpSa^** Ml 0fc|fciELTV*6#iET?H:, pMSiSK 
F-^"® 9©MgilS*tft)<£<4S. b^U pHS0SK-^S 9_hfC, p 
Sn>J^Ml0?:^3ti&«)5J:, 02 lC^-r<fc-MC Mgjgg#^-L# 
LpS=i>#* F® l o ©Mgigft r«<fce> &<Bii,K F-^"® 9 © 

MgiiSo^fcti, <£?IS F--7*® 9*^*^tctir> K-7'tl/T*«aili. 

- ;7® 9 IC ig A-T -5 1=. lb t. S*j ft -5 . 

dCDi-MC. pSn^^f Ml OUpMP^y F® 8 © paftTOttMJ: V 
%, {SJiSF-^'©®ilbTpS{S^SF-^ , ®9S:, plnv^^MlOt 



fflfE# 2000-3026929 



11 — 113050 



£E £ tc 1 2> 3 h £ -5 . 
[0 0 6 3] 

ffit§SK-^S9©pa^M^lJiS (fib. fii§SK-^l9 ficfifcpf^ 
M^fi©{Bv^;0-GDigKS:aVr,, ) £LTli, ±IE0<J: 5 izmmt Z>M£<D p 

X 1 0 19 / c m 3 **©, #£L<li5 X 1 0 18 /cm 3 £tTffe5. pS^IMMt 

p S^M^S £ p 5?{Bi§g K - 9 ©BUP i: tc «fc y . <£igfg K-yf9©ft 
fiOpS^ttM&tfXfltU M^.«5xl0 17 /cm 3 JK±* ! »SlK pS 

. us*®*!**, amis, mm. j**b-h*Kj:oTM-r6*i*ijti<»* 

[0 0 64] 

l/ttt. _hf2ffi«SF-^"®9 iira^tC, In r Al s Gaj. r . s N (OS r< 1 

, oss<i. r + s <D frbtjt&mitm^mfttfmifbti. *f*b<ii3 7t: 

bfc5^ffc4&j¥##T*&£., 3©<fce>{C, 4 5ciSii§J:U 3 Tftftfc* 3 7C?l^J:y 

, a 1 &£&&v^27fiA£ , e&«£« ptiiitw-Sfi'Mtfi'Jfif 



ff}H# 2000-3026929 



11-113050 



pM3># ? h« 1 0®I@11 0. 001~0. 5 Am, if* L<tt0. 0 
1~0. 3^m, J:y»*b<tt0. 05 — 0. 2 ^ mt?fe5„ Kff #_LiB^B 

[0 0 6 5] 

Pl^7>v KS8fc{£|g j RK-^®9©pS!^*fi^SJ:y]«<^ti-«J:<, M 
^a*#ffi&ftLT, ^*L<tt. 1 X 1 0 18 ~5 X 1 0 21 /cm 3 , ffSL< 
B5X10 19 ~ 3 X 1 0 20 /cm 3 , iUffSKlilXlO 20 /ci 3 gat'$5. 

[0 0 6 6] 

nfgl 2linfl!J:3>#? h«4Jt{C. pSffiti pS^M#»©Wt§S K 
[0 0 6 7] 

immm 1 : 

0 1 Sttcichism i tco^Tgii?!-f 

t77>f7 (C®) J:Ufc£*«l £MOVPE©MJS«#SrtlC-fe«y hU * 
-p. 

[0 0 6 8] 

(Ay 7tJ12) 



tii!E# 2000-3026929 



#^pl 1 — 1 1 3 0 5 0 

TilTMG (hU*^;i/#U^iO £5:»V\ *«lJtlCGaN<fcUfc£A-/:7 
T*2 S:»l 0 Ot>^hD-A©K|tt^St§o 

[0 0 6 9] 
(T> F-^G a Nl 3 ) 

Ay7Tl2«fift, TMG<D<^lt#>T. 1 0 5 0 TC * T*_t#3i±£o 

1 0 5 OriC&ofc^ |^D<lR^^^tCTMG. TS/^-rtf^SrJB^ T> 
K-^G a NI3 5: 1 . 5 /im©IIT^fi$tS 0 
[0 0 7 0] 

i^T 1 0 5 0iCt% BC<]R»;#>UCTMG, r>^-T^^. 
fCfy^>#X£J§VV Si £4. 5X10 18 /cm 3 K-yifeGaNi:^^n 
fa>^^M4S:2. 2 6 5j»mC!)Ilfft«fia«. 
[0 0 7 1] 
(nl®l#fl|5) 

r^tci/^>^/x<z)^$:jLh^> iosot:t% tmg, y^^-T^x^Mvv 

T> K-^G a N*&ftSTl5 a S: 2 0 0 O^^X h n - A<3DKST?JfcRS 
1*\ >|V^THafl!K:T2/9>5{fXSi63DlIbS i fc4. 5X 1 0 18 /cm 3 F-^l 
£G a N^&3fcS*IH»5 b &3 0 0t>n h n - i*<Z>]RJ5T?J*S31*\ 
«^TS/9>?lfXCD»S±^ HiaStCtr> K-yGaN*>e>%S±l5 c £ 

5 o k n - A©iwsn?«fta 3»«*&&*aMRjr2 3 5 o*->^x 

h n - A©* 1 #111 5 &j£S2ii:£o 
[0 0 7 2] 

(nSS2#Hi6) 

mm<DUmT*. 7 V K-y G a N i U ft6»4 CD8fttt¥«M& 4 0 

t>^hn-A^a^ #aciaK£ 8 o oicicbT. tmg. tmi. y> 



ffifE4$ 2000-3026929 



#3p 11 — 113050 



&4 QUrl/ffX hD-^S$fc®*&^Jg©#-MIKJ:'J*SnS^2#«M® 
6 5:6 4 0#>>fZ. h n - Acr^^^a^S., 
[0 0 7 3] 
7 ) 

m^XUm* 8 0 O-CICLT, TMG, TMI, T >^-y fc/g > 

tS. fLtBl+#F + lli+#F- • • • +BM©JH-C'|^MSS: 51, #F 
M£4jf, 3C2(C«MLT, 1 1 2 0 * > ^ x h n - AODMi? 

igJ: »J &5?Stt« 7 
[0 0 7 4] 
("f!IK-^©#IKp^7'y FS8) 

^CtC, Sgl 0 5CCt*TMG. TMA, Tls^ — T. Cp £ Mg (J/^n^ 
>#$?:n-;i/Vy*2/^A) Mg 5: 5 X 1 0 19 /ai 3 K-^lfcplA 

1 0 2 G a o g N «fc yftS^ll CDSftfe^^JSS: 4 0^">^ hD-ACS^T- 
fSSS-tt, ^VNTSSS: 8 0 OTCICLT, TMG, TMI, T>=E-T, Cp 2 
Mg?:ffl^^MgS:5X 1 0 19 /cm 3 K-^bfe I n o.03 Ga 0.97 N<fc ' J *^ 2 

5pI#M?7-y FM 8 5:36 5 h D - A©ffit^T-|K«S-&-5 D 

[0 0 7 5] 

«gigK K - y © P Mffiigg 

J^T, 1 0 5 0r;T*, TMG, r^/^ — r&MW T> F-^©G a N «fc »J 
SiipfifiBIK-^f 9 62 0 0 0^>yx h a-A©Dt*-pJ«*a**. £ 
OfflMKK-^IflH;, «fi*li7> K-^i: LT«*a**#, fiSK-^ 
0#JIKpS?9y F«8lc K-^aftTV»SMgff, 4&M F- 7Jf 9 41 



ffi!E4# 2000-3026929 



11 — 113050 



iO)fiiRKK-^»9C!)MgiRfl»i. **>tBK#ffiv*SMWi* 2xio 10 / 

Ml 0£g?iEbTv^tfiB (pSh>^^ Ml 0 ftjfcfiS-fr&Httif) tCMg 

[0 0 7 6] 

(IgffiSK-^ODp^a^^^ M10) 

m^X, 1 0 5 0lCt% TMG, T>^-T. Cp 2 Mg£fflV^ MgSlX 
1 O 20 /cm 3 F-^lfeGaNJ;yftSpl3>^ Ml05:120 O^y^f 

[0 0 7 7] 

ffJSJHFT*. »28fcS»*-eTW\ a&Kfi*3Ha»*, 9:t-/\fcgjS#» 
[0 0 7 8] 

Ml OCD*WCffi£©»tt<Dv;**«:»J«U RIE (K*Stt>f 
) 8ft*pSn>^f^ Ml 0«^&x^^>yS:^fv^ 01 Iz^^olZnM 
ny$2 M40gffi?:Iffi$« o 
[0 0 7 9] 

x*yf>yt, *Jt«K:»*p9!=l>** Ml 0©tt«^ffiKlM2 oot 
hn-A0N i tAu Sr^tfS^ttCDpSffil 1 ^CDpSffil 0<D_t 
i:#>f^>^Au <fcyft*p/t^ Kill 25:0. 5^m(Z)I^f^t 
£«, xy^>^jcj:yBH}ai3:fcnS=i>*^ h»4©*ffiK:a:WtAl 

[0 0 8 0] 

i©LED*^ttJK:frfa«86 2 OmAtCfcV^T, 5 2 0 nm^gfe^?:^ 
U VfttS. 5VT% tE*0#iI?#P«I© L E D*? CJt«bT, Vf 



2000-3026929 



iffsp 11 — 113050 



[0 0 8 1] 

fcfc, SttroLED^Mlt G a N J: UfcSgil ©Ay 7 r Jf©_hlC, 
T> K-^G aNi y 2fl)A<v 7rl. S i K-^G aNiyftSnMn 

-^Al u Ga 0 9 Nl, Mg K-^G a Nfr£>fc5 p$In>#? hMSrlMlC^ 

[0 0 8 2] 

zmmm 2 ] 

<«ttM 7 ) 

7£(C, T>F-^GaNJ:'J*.SI«^S5:2 5 0t>yxhD-AOlfT*« 
SSit\ ffi^TUm*: 8 0 CCtCLT, TMG, TMI, T^^E — T^rMv^T^ 
K-yi n u Ga 0i7 Nj:'J45#FI?:3 Ot>^hn-A©lft*«fi$ 

mzem. &mzmmhx. mmm 1 9 3 o*>yz. hn-AoMi^i 

4§£>*lfcLEDfg-?-tt, (K:£fiJ«$f£2 0 mAtCfi^T, 4 7 0nmfflD6te8 

[0 0 8 3] 
[£tt#9 3 ] 
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